J 



EuropSlsches Patentamt 
European Patent Office 
Office europeen dee brevets 




® Publication number: 0 499 362 A1 
EUROPEAN PATENT APPLICATION 



@ Application number: 92300473.3 
(g) Date of fling: 20.01.92 



S) tnL a*: A62D 3/00, B01J 19/12, 
B01J 19/18 



@ Priority: 09.02.91 GB 9102766 

© Date of publication of application : 
19.08.92 Bulletin 92/34 

© Designated Contracting States : 
BE CH DE DK ES FR IT U NL SE 

© Applicant : TTOX1DE GROUP SERVICES 
LIMITED 

Tloxlde House, 137-143 Hammersmith Road 
London W14 0QL (GB) 



(§) inventor: Urwtn, Donald 
19 Malvern Drive, Addam 
Middlesbrough, Cleveland (GB) 
Inventor: Howarth, Colin Rawiinson 

6 Lynwood Close, Ponteland 
Newcastle Upon Tyne, NE 20 9JG (GB) 
Inventor : Bayer, Andrew Timothy 

7 The Fairway, Eaglesdtffe 
Stockton on Tees, Cleveland (GB) 
Inventor : Waflls, Craig 

53 Sir HBtons Road, Westheath 
Birmingham, B31 3MH (GB) 

@ Representative : Wilkinson, John 

Patent Department Central Laboratories 
Portrack Lane 

Stockton on Tees Cleveland (GB) 



Destruction 



for photocataJytfcaJty degradable organic materlaL 



@ A process for the decomposition of photocatfcally degradable organic material includes exposing the 
organic material to ultraviolet light as the material is passing across the surface of a spinning disc The 
surface of the disc carries anatase titanium dioxide adhering to the disc. The anatase titanium dioxide 
acts as a catalyst in the degradation process and preferably has a high surface area. 

Organic materials such as hydrocarbons alcohols, acids, esters and others are destroyed by this 
environmentally acceptable process. 
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to be treated and, as a result of trie method of preparation, usually both radial surfaces of the member are coated 
with the chosen catalyst One suitable procedure employed to coat the member with the catalyst Is to Immerse 
the member in an aqueous dispersion of the anatase titanium dioxide for a period of say 3 to 10 minutes and 
then dry the treated plate member In an oven (bra period of say 30 to 75 minutes at a temperature of 70°C to 
100°C. This treatment procedure is repeated until a desired effective amount of the catalyst has been applied 
to the surface of the member. Using an aqueous dispersion containing from 5 to 1 5 gram per litre Tr0 2 a total 
of from 7 to 15 Immersion/drying cycles produces an "active' member. 

Other procedures can include immersion in solutions of organic titanium compounds, with precipitation of 
TiOj by sol/gel techniques, and pyrolysfe of titanium compounds directly onto the surface of the member. 
Additionally other support materials can be coated with TG 2 and then attached to the surface of the member. 

The organic material to be treated in the process of the invention is in the form of a fluid during treatment 
Where the organic material to be degraded is a liquid itself then it can be treated directly. However the organic 
can be dissolved or dispersed in water or in any other suitable medium prior to treatment Aqueous solutions 
are preferred since the presence of water acts as a source for hydroxy! radicals and facirtates the transport of 
oxygen across the liquid/gas and solid/liquid interface. Typically the aqueous solution of the organic can have 
any pH value but preferably is acidic having a pH less than 7 and more preferably less than 4. 

Activation of the anatase titanium dioxide catalyst is ensured by exposing the catalyst to the effect of 
ultraviolet light The liquid to be treated is exposed to the light as It is in contact with the surface of the plate-like 
member and whBst ultraviolet light of any wavelength can be used ft has been found that light emftted by so- 
called low pressure lamps is more effective in promoting degradation of the organic material. Typically UV light 
of up to 400 nanometers can be used but the most preferred light is that having a wavelength of from 240 to 
2B0 nm. 

The process can be operated batchwise or continuously. In batch operation liquid to be treated is held in 
a holding tank and recycled across the surface of the rotating plate member until all necessary degradation 
has been completed. Alternatively continuous operation can be effected if the required degradation is obtained 
by a single pass across the surface of the plate member or by a succession of passes scross a number of dif- 
ferent plate members. Usually suitable analytical means will be employed to test the extent of degradation prior 
to discharge of water to the environment 

Any organic compound which is capable of photodegradation can be treated by the method of the invention. 
Depending on the exact nature of the organic material various by-products can be obtained. For those organic 
compounds composed solely of carbon hydrogen and oxygen the process produces water and carbon dioxide 
as the degradation products. For organic materials containing halogen additionally dilute mineral acid is a deg- 
radation product The process, in any event, produces relatively easily handleable chemicals from often com- 
plex organic compounds. 

Usually the process of the invention Is carried but at room temperature with the rotating plate mounted in 
a suitable confining reactor equipped with a suitable source of ultraviolet light 

Typical organic compounds which can be treated in accordance with the invention are aliphatic or aromatic 
hydrocarbons, alcohols, acids, esters, ketones, amines and halogen substituted compounds. Pesticides are 
other environmentally hazardous organic products eminently suitable for treatment by the process of the inven- 
tion. 

The invention is fflustrated In the following Examples in which apparatus as shown in the accompanying 
drawing was used. 
In the drawing: 

Figure 1 is a diagrammatic representation of the overall layout 
Figure 2 is one form of reactor, and 
Figure 3 is an alternative form of reactor. 

As shown the apparatus includes a reactor chamber 1 having mounted horizontally therein a rotatabie disc 
2 on a hollow shaft 3 coupled to a motor 4. A storage tank 5 has an outlet 6 in the base of the tank 5 through 
which the contents of the tank can be drained through pipe 7. The outlet 6 Is also coupled to a pump 8 to feed 
the contents of the tank 5 through the hoOow shaft 3 to the upper surface of the disc 2. The base of the reactor 
chamber 1 has an outlet 9 to a pump 10 and a return pipe 11 to the tank 5. 

Figure 2 fllustrates one form of reactor chamber 1 in which there is horizontally mounted lamps 12 to pro- 
duce ultraviolet light The lamp 12 extends across a diameter of the disc 2. 

In Figure 3 an alternative arrangement of reactor chamber 1 is shown in which the lamp 12 is mounted 
vertically above but axiaQy in line with the axis of the disc. A reflector 13 Is positioned to direct the light onto 
the disc 2. 

The reactor chamber 1 1s equipped with an axial deflector plate 14 to deflect flow of liquid from the hollow 
shaft 3 onto the upper surface of the disc 2. The tank 5 is equipped with a stirrer 15. 
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Example 1 

UV light as shcwnW Rgunal Z^TwS 1M ^ *™* was Biuminated with 

maintained at pH 3.1 tamps at different intensities. Solution pH was 

Rates of reaction calculated from experimental data were as follow.-. 
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Experiment A 14.0 
Experiment B 27.9 
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Example 2 

Experimental conditions were similar to Examnte 1 nirnont „,„, . 
a 400 watt medium pressure lamp as in Figu« 3 P ,0 " ^ was substituted by 

Results were as follows: 

UXjatsafla. 

Wm-2 

Experiment A 27.9 
Experiment B 49.0 
Experiment C 98.2 
Experiment D 246.0 



(Kr) 

^l 1 " 2 M^^^/min/ilfrr 

0.228 
0245 
0381 
0.418 



for in terms of a photochemical reaction. output, lamp. This .ncrease could not be accounted 

Examples 

Examples 1 and 2 were repeated with an initial concentration of 10 0 micrc^ea/titre of saiicytic ac4id. 
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Experiment A 
Experiment B 



UV Intensity 

Wm-2 
27.9 

246.0 



Low 
Pressure 
Medium 
Pressure 



l(K R ) 

Mimtffittlg/ffiiB/iitES 

0.419 
0.185 



The rate erf degradation of the salicylic acid id slower than for 4-chJoropheno). but, once again, the low press- 
ure lamp is more effective than the medium pressure lamp. 

EXAMPLE 4 

Experimental conditions were similar to Experiment 1 using two 15W low pressure lamps and an initial con- 
centration of 100 micro moies per litre of 4-cWorophenol. Solution pH was controlled by addition of acid or alkali 
as required. 



Solution p h iknnk galmtBcMtiM 

Micromoles/min/litre 
Experiment A 3 Chlorophenol 0.418 

Experiments 5 Chlorophenol 0.257 

Experiment C 11 Chlorophenol 0.121 



Claims 

1. A process for the decomposition of photocatalytically degradabfe organic material comprising exposing 
said organic material In fluid form to ultraviolet fight and passing said organic material across the surface 
of a plate-like member rotating about a central axis perpendicular to the radial plane of said member 
thereby accelerating said organic material radially outwardly of said axis across said surface of said mem- 
ber which carries anatase titanium dioxide adhering to said surface. 

Z A process according to claim 1 in which the anatase titanium dioxide has a surface area of from 20 to 200 
rn^grn. 

3. A process according to claim 1 or 2 in which the anatase titanium dioxide has a particle size of from 0.001 
to 1.0 micron. 

4. A process according to claim 1 # 2 or 3 in which the ultraviolet light Is that emitted by a low pressure lamp. 

5. A process according to any one of claims 1 to 4 in which the ultraviolet light has a wavelength of up to 
400 nanometers. 

6. A process according to any one of claims 1 to 6 in which the plate-like member has the form of a disc 
having a diameter of from 25 cm to 5 metres. 

7. A process according to claim 6 In which the plate-like member has a thickness of from 0.05 mm to 50 mm. 

& A process according to any one of claims 1 to 7 in which the plate-like member is rotated at a speed of 
from 50 rpm to 10,000 rpm. 

9. A process according to any one of the preceding daims in which the said organic material is a dispersion 
or a solution in water. 
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10. A process according to claim 9 in which the water dispersion or solution is ackttc. 

11. A process according to claim 10 in which the water dispersion or solution has a pH of less than 4. 

1Z A process according to any one of the preceding dahn in which the said organic material is a hydrocarbon, 
an alcohol, an add. an ester, a ketone, an amine or a halogen substituted compound. 
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